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Abstract

Integrating use of seedings of perennial cool-season grasses
with native range is used to increase available forage and for
maintaining a high plane of nutrition for grazing livestock. Our
goal was to evaluate performance of yearling cattle and stand
persistence of 3 released wheatgrass cultivars. Twice replicated
3-ha pastures were seeded to ‘Rosana’ western wheatgrass
[Pascopyron smithii (Rydb.) A. Love], ‘Luna’ pubescent wheat-
grass [Elytrigia intermedia (Host) Nevski], and ‘Hycrest’ crested
wheatgrass {[Agropyron cristatum(L.) Gaertn.] ssp. desertorum
(Fisch. ex Link) A. Love} in autumn 1994. Yearling steers (n = 8)
grazed from 9 May to 12 June 1997 and 24 April to 15 June 1998.
Yearling heifers grazed from 27 April to 18 June 1999. Hycrest
produced the largest herbage standing crop in spring 1997 (912
kg ha-1) and 1998 (1,223 kg ha-1) (P < 0.05), but by spring 1999
standing crops averaged 656 kg ha-1, and cultivars were not sig-
nificantly different. Digestible organic matter standing crop did
not differ among pastures of seeded species, but declined (P <
0.05) from May to June each year. Crude protein standing crop
varied among cultivars (P < 0.05) in April and May 1998 and
May 1999; however, no clear trends emerged. Crude protein
standing crops consistently declined from April-May to June.
Average daily gains were similar among cultivars in 1997, but
greater (P < 0.05) on Hycrest (1.28 kg day-1) than Rosana (1.03 kg
day-1) in 1998. Gains on Hycrest (0.74 kg day-1) and Rosana (0.78
kg day-1) were greater (P < 0.05) than on Luna (0.52 kg day-1) in
1999. These findings show in some years, Hycrest provided more
forage in spring than Rosana, and will allow an increase in live-
stock numbers. Based on the encroachment of invading species,
persistence of Luna is marginal of the 335-mm precipitation zone
in the Northern Great Plains.   
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Pastures seeded to perennial cool-season grasses can be used to
reduce grazing pressure on native ranges and provide quality for-
age for livestock at selected seasons (Wight et al. 1983). Many
seeded grass species, cultivars, and hybrids have been evaluated
for forage production and nutrient quality and persistence on
selected sites, then subsequently recommended for use over a
wide area (Vallentine 1980, Currie and White 1982, Currie et al.
1986b). Although some have been evaluated for livestock prefer-
ence (Truscott and Currie 1989, Borman et al. 1991), few have
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Resumen

La integración de siembras de zacates perennes de estación
fría con el pastizal nativo es usado para incrementar la disponi-
bilidad de forraje y para mantener un plano nutricional alto del
ganado en apacentamiento. Nuestra meta fue evaluar el compor-
tamiento de novillos y vaquillas y la persistencia de la pobla-
ciones de 3 cultivares liberados de “Wheatgrass”. En otoño de
1994, en potreros de 3 ha repetidos 2 veces,  se sembraron
“Western wheatgrass” [Pascopyron smithii(Rydb.) A. Love] var-
iedad  ‘Rosana’, “Pubescent wheatgrass” [Elytrigia intermedia
(Host) Nevski] variedad ‘Luna’ y  “Crested wheatgrass”
{[Agropyron cristatum(L.) Gaertn.] ssp. desertorum(Fisch. ex
Link) A. Love} variedad ‘Hycrest’. Los novillo (n = 8) apacen-
taron del 9 de mayo al 12 de junio de 1997 y del 24 de abril al 15
de junio de 1998. Las vaquillas apacentaron del 27 de abril al 18
de junio de 1999. La variedad ‘Hycrest’ produjo la mayor canti-
dad de biomasa en pie en 1997 (912 kg ha-1) y en 1998 (1,223 kg
ha-1) (P < 0.05), pero para la primavera de 1999 la biomasa en
pie promedió 656 kg ha-1 y no hubo diferencia significativa entre
cultivares. La MO digestible de la biomasa en pie no difirió entre
las especies sembradas, pero disminuyó (P < 0.05) de mayo a
junio de cada año. La proteína cruda del forraje en pie varió
entre cultivares  (P < 0.05) en  abril y mayo de 1998 y en mayo de
1999; sin embargo, no se definieron tendencias claras. La proteí-
na cruda disminuyó consistentemente de abril-mayo a junio. En
1997, las ganancias diarias promedio fueron similares entre cul-
tivares, pero en 1998 fueron mayores (P < 0.05) para ‘Hycrest’
(1.28 kg day-1) que para ‘Rosana’ (1.03 kg day-1). En 1999, las
ganancias en ‘Hycrest’ (0.74 kg day-1) y ‘Rosana’ (0.78 kg day-1)
fueron mayores (P < 0.05) que las obtenidas con ‘Luna’ (0.52 kg
day-1). Estos hallazgos muestran que en algunos años ‘Hycrest’
provee más forraje en primavera que ‘Rosana’, lo que permitirá
un aumento en el número de ganado. Basado en la dispersión de
especies invasoras la persistencia de ‘Luna’es marginal en la
zona de precipitación de 335 mm de las Grandes Planicies del
Norte.



483JOURNAL OF RANGE MANAGEMENT 55(5) September

been evaluated for livestock performance
before release (Smoliak 1968, Smoliak
and Slen 1974, Kilcher and Lawrence
1979, Hart et al. 1983, Hofmann et al.
1993). Also, studies by Moore et al.
(1995) and Vogel et al. (1993) clearly
show that grazing studies provide addi-
tional information on livestock rate of gain
and stand persistence that cannot be
obtained with small plot evaluations. For
example, Papadopoulos et al. (1995) com-
pared orchardgrass (Dactylis glomerata
L.) cultivars in haying and grazing sys-
tems and found the cultivars ranked differ-
ently between the 2 systems. Thus, it
appears that grazing trials are needed to
compare experimental cultivars. The goal
of this project was to evaluate livestock
performance and stand persistence of
introduced and native cultivars of 3
released wheatgrasses.

Materials and Methods

Study Site
Research was conducted at the Fort

Keogh Livestock and Range Research
Laboratory (46°22'N 105°5'W) near Miles
City, Mont. Elevation on the study site is
719 m. Regional topography varies  from
rolling hills to broken badlands with small
intersecting ephemeral streams flowing
into rivers in broad, nearly level valleys.
This area is representative of the semi-arid
mixed grass prairie of the Northern Great
Plains. Indigenous vegetation on the

22,500-ha research station is a grama-
needlegrass-wheatgrass (Bouteloua-Stipa-
Agropyron) mix (Küchler 1964). Annual
precipitation averages 343 mm, with about
60% received from April through
September (Fig. 1). Daily temperatures
range from > 38°C during summer to <-
40°C during winter. The average frost-free
growing season is 150 days. Soils on the
site are a composite of Glendive loam
(coarse-loamy, mixed, superactive, cal-
careous, frigid Aridic Ustifluvents) and
Havre loam (fine-loamy, mixed, superac-
tive, calcareous, frigid Aridic Ustifluvents)
with 0 to 2% slopes.

Treatments and Experimental
Design

Six, 3-ha pastures, previously seeded to
crested wheatgrass [Agropyron cristatum
(L.)] or Russian wildrye [Psathyrostachys
juncea (Fisch.) Nevski], combined with
alfalfa (Medicago sativaL.) were used in
this study. Seedbeds were prepared by
spraying vegetation with Roundup
[Glyphosate,N-(phosphonomethyl )
glycine] in early summer 1994, discing in
late summer, and then rototilling and seed-
ing with the Range Improvement Machine
(RIM) (Currie et al. 1986a) during late
autumn. Each forage species was planted
in 2 of 6 pastures arranged in randomized-
complete-block design with 2 blocks of 3
treatment species in autumn 1994. Forages
were ‘Rosana’ western wheatgrass
[Pascopyron smithii(Rydb.) A. Love],
‘Luna’ pubescent wheatgrass [Elytrigia

intermedia(Host) Nevski], and ‘Hycrest’
crested wheatgrass {[Agropyron cristatum
(L.) Gaertn.] ssp. desertorum(Fisch. ex
Link) A. Love}. Seeds were drilled in
rows on 30-cm centers with the RIM
machine (Currie et al. 1986a). Seedings
were hayed but not grazed during 1995
and 1996. Stubble resulting from growth
after grazing during 1997, 1998, and 1999
was left standing. 

Each 3-ha pasture was stocked with 8
crossbred yearling steers of British breed
origin (Bos taurus) from 9 May to 12 June
1997 and 24 April to 15 June 1998. Due to
lack of availability of steers, each pasture
was stocked with purebred yearling
Hereford heifers from 27 April to 18 June
1999. Livestock were handled according to
protocol approved by the Fort Keogh
Livestock and Range Research Animal
Care Committee. Availability of herbage in
the least productive pasture (block 1 Luna)
determined the time of livestock removal.

Field Measurements
At the beginning of each grazing season

animals were weighed, stratified by initial
weight, and within strata randomly
assigned to pastures. Thereafter, weights
were obtained at the start and then about
every 30 days, and at the end of each
annual trial. Initial weights of animals
averaged 348 kg (SD = 29) in 1997, 363
kg (SD = 20) in 1998, and 363 kg (SD = 20)
in 1999. Animals were treated with
Ivermectin1 (Merck & Co. Inc., Whitehouse
Station, N.J.) before the study for parasite
control and received an ear tag with fly
repellent at the beginning of the grazing sea-
son. Trace mineralized salt was available at
all times.

Standing crop was sampled during the
weeks livestock were weighed by clipping
forage to ground level in fifteen, 0.25 m2

quadrats in each 3-ha pasture. Forage sam-
ples were oven dried in a forced draft oven
at 60°C and weighed. May 1997 and April
1998 and 1999 samples were separated
into the following 4 portions:  green tissue
of seeded species, other grasses, and forbs
and standing dead herbage. Samples col-
lected during June 1997 and May and June
1998 and 1999, the middle and end of the
grazing period, were separated by seeded
species (live + dead or senesced tissue)
and other species (live + dead or senesced
tissue). Dead biomass simply reflects the
combination of forage remaining after the
grazing season plus that which was pro-
duced after cattle were removed.
Relatively large amounts (1,000 kg ha-1) of
dead may remain standing over winter
when snow cover is light.

Fig. 1. Precipitation recorded on the Houston pasture study site (shaded bars) at Fort Keogh
and at the Frank Wiley Airfield located about 4 km from the study site (open bars) and
long-term average from Frank Wiley Airfield (National Oceanic and Atmospheric
Administration 1994–1999).
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Diets were sampled monthly for each
seeded grass during the week animals
were weighed in 1998 and 1999. Six to 8
esophageally cannulated crossbred cows
were used for diet sample collection. Diets
were collected from 2 cows per pasture in
1998 and 3 cows per pasture in 1999, but
not all pastures were sampled with the
same cows. Cows were penned at 1600
hours with water but no feed available.
Collections were made the following
morning beginning at 0700 hours.
Collection periods lasted from 20 to 30
min. and were followed immediately by a
collection in a second pasture. Esophageal
masticate samples were thoroughly mixed
by hand, and freeze dried for diet quality
analyses. These cows were about 3 to 5
years old when sample collections began.
Cows had been cannulated at 2 months of
age and were experienced with the diet
collection process. Between sampling
periods, cows were kept in larger pastures
with a variety of range sites but not the
grass cultivars being assessed. However,
cows had been previously exposed to all
plant species present in the experimental
pastures.

Laboratory Analysis
Two (1998) or 3 (1999) esophageal

masticate samples per pasture and 3 stand-
ing crop samples of each vegetation com-
ponent per pasture were ground to pass
through a 1-mm screen in a Wiley mill1

(Arthur H. Thomas Co., Philadelphia,
Penn.). Total nitrogen (N) (organic matter
basis) was determined on a C-N analyzer
(Carlo-Erba1, C.E. Elantech, Inc.,
Lakewood, N.J.). Data are presented as CP
standing crop (%N * 0.0625 * kg standing
crop) and percentage CP in diets. In vitro
digestible organic matter (IVDOM) was
determined using a modified Tilley and
Terry (1963) technique (White et al.
1981). Data are presented as digestible
organic matter (OM) standing crop and
percentage IVDOM in diets. Crude protein
and IVDOM standing crop were summa-
tions of all live and dead vegetation com-
ponents. 

Data Summarization and Analysis
Analysis of variance was used to test

effects of treatments (seeded species),
dates, and interaction between them on
standing crop, forage quality, diet quality,
and livestock gains. Treatment effects
were tested using variation among pas-
tures within treatment as the error term.
Effects of date and interaction of date with
treatment were tested with residual varia-
tion after accounting for all other effects in

the model. The Least Significant
Difference (LSD) method (P ≤ 0.05) pro-
tected by a prior F-test (P ≤ 0.05) was
used for comparing treatment means. All
differences discussed are significant at the
P ≤ 0.05 level unless otherwise noted. 

Results

Impact of Environment
Productive stands were established for

each species following the dormant seed-
ing in late autumn 1994. The excellent
establishment of seeded stands was par-
tially facilitated by greater than or near
average amounts of precipitation in March
through July 1995 (Fig. 1). In contrast,
precipitation was less than the long-term
average in April through June and August
through October 1996. This lack of precip-
itation resulted in a partial die off of Luna
stands, particularly on elevated portions of

the pastures. We planned to begin grazing
pastures in April 1997, but less than aver-
age precipitation from February through
June 1997 slowed plant growth on seeded
pastures. Thus, the 1997 trial was limited
to the period from 9 May to 12 June.
Greater than average precipitation during
March 1998 and April 1999 maintained
good plant growth and allowed grazing
from April to June during each of these
years.

Growth and Persistence of Grasses
Persistence of seeded stands was partial-

ly evaluated by comparing the amount of
green biomass of seeded species in the
spring standing crop. Hycrest produced
the largest standing crop in spring 1997
and 1998. However, by spring 1999 stand-
ing crops were similar among all 3 seeded
grasses (Table 1). Forbs were most pro-
ductive on the Hycrest pastures in 1999.
This finding combined with the decrease

Table 1. Means for spring standing crops1 (significant seeded species by date interaction); stan-
dard errors equal ±82.1 for seeded species, ±35.8 for forbs, and ±110.6 for standing dead.

Groups/Years Hycrest Luna Rosana

- - - - - - - - - - - - - - - - - - - - - (kg ha-1) - - - - - - - - - - - - - - - - - - - -
Seeded species
1997-May 912Ab2 448Bb 608Ba

1998-April 1,223Aa 680Ba 750Ba

1999-April 617Ac 594Aab 723Aa

Forbs
1997-May 143Ab 136Aa 183Aa

1998-April 17Ac 82Aa 6Aa

1999-April 261Aa 119Ba 96Ba

Standing dead
1997-May 666Ab 530Ab 644Ab

1998-April 1,039Ba 886Ba 1,548Aa

1999-April 901Aab 886Aa 428Bb

1Samples collected in May 1997 and April 1998 and 1999, the beginning of the grazing period, were separated into the
following 4 portions: green tissue of seeded species, other grasses, and forbs and standing dead.
2Within a plant group and date, species means with the same uppercase superscripts are not different (P < 0.05). Within
a plant group and species, means of dates with the same lowercase superscripts are not different (P < 0.05).

Table 2. Means for early spring and summer standing crops1 (significant seeded species by date
interaction); standard errors equal ±190.0 for seeded species and ±86.5 for other species.

Groups/Years Hycrest Luna Rosana

- - - - - - - - - - - - - - - - - - - - - (kg ha-1) - - - - - - - - - - - - - - - - - - - -
Seeded
June 1997 533Ad2 330Ac 469Ad

May 1998 2,543Aa 2,367Aa 1,800Ba

June 1998 1,643Ab 1,032Bb 889Bcd

May 1999 1,294ABbc 890Bb 1,470Aab

June 1999 901Acd  701Abc 1,015Abc

Other species
June 1997 13Ab 44Ac 5Ab

May 1998 27Ab 153Abc 29Ab

June 1998 103ABb 341Ab 73Bab

May 1999 398Ba 1,055Aa 298Ba

June 1999 346Ba 966Aa 234Bab

1Samples collected during June 1997 and May and June 1998 and 1999, the middle and end of the grazing period, were
separated by seeded species (live plus dead or senesced tissue) and other species (live plus dead or senesced tissue).
2Within a plant group and date, species means with the same uppercase superscripts are not different (P < 0.05). Within
a plant group and species, means of dates with the same lowercase superscripts are not different (P < 0.05).
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in standing crop of Hycrest in 1999 sug-
gested the Hycrest stand may have
thinned. Standing crop of Luna and
Rosana were almost similar among years.
Dead biomass, which simply reflects the
combination of forage remaining after the
grazing season plus that which was pro-
duced after cattle were removed, averaged
over 1,000 kg ha-1 in 1998 in both the
Hycrest and Rosana pastures. This large
amount resulted from greater than average
precipitation in July and October 1997
(Fig. 1). Neither species nor year signifi-
cantly affected the amount of other grasses
growing in each pasture (x–= 36 kg ha-1 SD
= 104).

Standing crops of all 3 seeded species
had declined during the grazing period to
near 500 kg ha-1 in June 1997 and 872 kg
ha-1 in June 1999, but standing crops were
similar among species for these 2 periods
(Table 2). In contrast, over 1,500 kg ha-1

of Hycrest remained in June 1998, which
was significantly greater than the 1,000 kg
ha-1 remaining on Luna and 900 kg ha-1

remaining on Rosana pastures. Standing
crop of other plant species was less than
350 kg ha-1 through June 1998 for all
species. However, a trend of increasing
amounts of other species began for all 3
treatment species, but especially for Luna
pastures in June 1997, continued through
1998, and was significant in 1999.

Forage Quality
Digestible organic matter (OM) standing

crop did not differ among seeded species
(data not shown), but declined (P ≤ 0.05)
during the grazing period from May to
June each year (Table 3). The numerical
increase in digestible OM standing crop
from April to May was not significant in
1998 but was significant in 1999. In vitro
digestible OM concentration of green
seeded grass herbage was >80% in April
while concentrations of green plus dead or
senesced seeded grass herbage were >60%
in May and >50% in June. 

Crude protein (CP) standing crop varied
among seeded species (P ≤ 0.05) in April
and May 1998 and May 1999 (Table 4).
However, no clear trends were detected
among seeded species. Crude protein
standing crop consistently decreased from
April–May to June. The only exception

was the nonsignificant decline from May
to June for Hycrest in 1999. Crude protein
concentration of green seeded grass
herbage was >17% in April and May
(1997) while concentrations of green plus
dead or senesced seeded grass herbage
were >11% in May and >9% in June. The
species by date interaction was significant
for CP of seeded grasses. Crude protein of
seeded grasses differed on 4 out of 8 dates.
No clear trends were detected among
seeded species in April and May 1998.
However, CP of green plus dead herbage
for Luna (13.4 ± 0.01%) was greater than
in Hycrest and Rosana (x–= 9.8 ± 0.01%)
in June 1999 and Hycrest (14.8 ± 0.01%
vs 11.6 ± 0.01%) in May 1999.

The species by date interaction was also
significant for CP of other grasses. A dif-
ference occurred among the seeded culti-
vars on 1 date, June 1999, when other
grasses growing on Hycrest plots con-
tained greater concentrations of CP (16.9
± 0.01%) than grasses growing on the
Luna and Rosana pastures (x–= 10.5 ±
0.01%). Crude protein of standing dead
varied significantly only among dates and
not among seeded species. Crude protein

of standing dead was greatest in April
1999 (8.6 ± 0.004%), intermediate in April
1998 (7.1 ± 0.004%), and least in May
1997 (4.7 ± 0.004%). No significant dif-
ferences were found for CP in forbs
(24.0% SD = 0.04).

Diet Quality 
Digestibility of diets declined from

April to June in all pastures in 1998 and
1999 (Table 5), but digestibility averaged
more than 65%. The decline appeared to be
steeper in 1999 than in 1998. Digestibility
was generally lowest on Rosana pastures in
1998, but no difference was noted among
seeded grasses in 1999. 

Crude protein as a percent of diets
declined as the grazing season advanced
from April to May on Rosana pastures in
1998 and on all pastures in 1999; howev-
er, values did not decline to below 11%
(Table 6). Crude protein percentages for
Hycrest and Luna pastures in June 1998
were equal to April values. Crude protein
percentages of Rosana were usually less
than Hycrest and Luna, but the differences
were not consistently significant (Table 6).

Livestock Performance
Daily gains (Table 7) and gains per

hectare (73 ± 4.2 kg ha-1) were similar
among seeded grasses in 1997. Daily gains
were greater on Hycrest than Rosana in
1998 (Table 7). This could be related to
the greater amount of standing dead
observed in the Rosana pastures in spring

Table 3. Means for IVDOM standing crops (date main effects); standard error equals ± 75.5.

1997 1998 1999
May June April May June April May June

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - (kg ha-1) - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
889bc1 309d 1,307a 1,445a 723c 968b 1,240a 846bc

1Means of dates with same lowercase superscripts are not different (P < 0.05).

Table 4. Means for CP standing crop (seeded species by date interaction); standard error equals
± 27.1.

Seeded species
Dates Hycrest Luna Rosana

- - - - - - - - - - - - - - - - - - - - - (kg ha-1) - - - - - - - - - - - - - - - - - - - -
1997 May 228Acd1 157Ac 190Aab

June 82Ae 62Ad 71Ac

1998 April 322Aab 243Bab 260ABa

May 359Aa 316Aab 197Bab

June 155Ade 139Ac 113Ac

1999 April 270Abc 236Ab 207Aab

May 212Bde 304Aa 234ABa

June 144Ae 167Ac 135Abc

1Within a date, species means with the same uppercase superscripts are not different (P < 0.05). Within a species, means
of dates with the same lowercase superscripts are not different (P < 0.05).

Table 5. Means for IVDOM concentrations in diets collected on the experimental pastures in 1998
and 1999; standard error equals ±1.3.

1998 1999
Species April May June April May June

- - - - - - - - - - - - - - - - - - - - - - - - - - - - (%) - - - - - - - - - - - - - - - - - - - - - - - - - 
Hycrest 78ABb1 76Abc 73Ac 83Aa 79Ab 68Ad

Luna 80Aa 71Bb 72Ab 81Aa 78Aa 67Ac

Rosana 76Bb 66Cc 67Bc 83Aa 78Ab 69Ac

1Within a date, species means with the same uppercase superscripts are not different (P < 0.05). Within a species, means
of dates with the same lowercase superscripts are not different (P < 0.05).
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1998. Gains per hectare were greater for
Hycrest 178 ± 7.2 kg ha-1) than for both
Luna and Rosana (x–= 148 ± 7.2 kg ha-1).
This may reflect the lowered IVDOM
observed for Rosana compared to Hycrest
in 1998. Daily gains per head (Table 7)
and gains per hectare on Hycrest and
Rosana (x–= 104 ± 7.2 kg-1) were greater
than on Luna (72 ± 7.2 kg ha-1) in 1999.

The lack of sensitivity of weight gains
to nutritional quality may partially be a
reflection of the technique used to mea-
sure IVDOM. Addition of N to IVDOM
media, as in these analyses, has been
shown to mask differences in response to
Northern Great Plains forages such that
weight gains of steers grazing native
rangeland were better predicted by
IVDOM media without supplemental N
compared to that with N (Blummel et al.
2001). 

Steer gains in 1997 and 1998 were 40%
greater than heifer gains in 1999 (Table 7).
Gains per hectare for Hycrest and Rosana
were greatest in 1998, intermediate in
1999, and least in 1997. In contrast, gains
per hectare on Luna were greatest in 1998
(152 ± 7.2 kg ha-1), but gains in 1999 (72 ±
7.2 kg ha-1) were similar to those during
the shortened grazing period in 1997 (x– =
68 ± 7.2 kg ha-1).

Discussion

Seedings of new cultivars are used to
increase available forage and to extend the
period of high quality forage for grazing
livestock (Wasser 1982, Holzworth et al.
2000, Vallentine 1980). Crested wheat-
grass has traditionally been used for spring
grazing and in some instances autumn
grazing (Vallentine 1980). Pubescent
wheatgrass is used during the spring and
summer (Holzworth et al. 2000). Western
wheatgrass, a native to Northern Great
Plains rangelands, provides valuable for-
age during the spring, summer, and
autumn (Wasser 1982). 

Data from this study and others clearly
show that in some years, crested wheat-

grass provides more forage than selected
cultivars of native species e.g., western
wheatgrass and native range (Smoliak
1968, Hart et al. 1983, Adams et al. 1989)
and will allow an increase in livestock
numbers. However, this does not occur
every year in every region. This occurred
in 1 out of 3 years when Hycrest was com-
pared to Rosana, a selected cultivar of
western wheatgrass in our study. Willms
and Jefferson (1993) reported relative
above-ground production of native mixed
prairie vs seeded monocultures is not con-
sistent among production years or studies.
Others are also concerned about the nega-
tive effect introduced plant species, e.g.,
crested wheatgrass, can have on native
species, biodiversity, and soils (Dormaar
et al. 1995, Lesica and DeLuca 1996,
Christian and Wilson 1999, Krzic et al.
2000). Some results suggest seedings of
crested wheatgrass in the Northern Great
Plains may reduce biodiversity and alter
pools and flows of energy and nutrients in
the seeded areas within the prairie ecosys-
tem. Based on these findings, Lesica and
DeLuca (1996) cautioned that the contin-
ued conversion of native prairie by plow-
ing and planting crested wheatgrass or
other exotic species seemed ill advised.

Concerns about the persistence of
pubescent wheatgrass in the 335 mm pre-
cipitation zone were first raised by Currie
and White (1982). During a prolonged
drought, they found cultivars of the inter-
mediate-pubescent wheatgrass complex to
be killed or to be the most severely dam-
aged of a number of grass species fre-
quently seeded in the Northern Great
Plains.

Livestock performance varies among

seeded pastures and native range (Houston
and Urick 1972, Hart et al. 1983, Adams
et al. 1989, Hofmann et al. 1993). While
some report increases in individual animal
performance from grazing seeded ranges
(Houston and Urick 1972) others report
the main advantage of seeded ranges
appears to be increased seasonal carrying
capacity (Hart et al. 1983, Adams et al.
1989, Hofmann et al. 1993). Adams et al.
(1989) imply that animal performance will
not differ greatly among seeded pastures
and native range in good-to-excellent con-
dition that contains a high component of
cool-season perennial grasses. Greater dif-
ferences may occur when native range
contains a higher proportion of warm-sea-
son perennial grasses. 

Management Implications

Willms and Jefferson (1993) suggested
a crucial question is not which species to
seed but whether seeding should be done
at all on many sites. However, seeding
cool-season monocultures on western
rangelands provides livestock managers
with another tool to increase available for-
age and provide quality forage for grazing
livestock. Choosing the best forage for the
intended use is critical. Choosing the best
variety becomes more challenging as new
varieties are released from both the public
and private sectors. Seeding is not a
panacea, but many livestock operations
can benefit from the use of an integrated
management strategy using both range-
lands and seeded cool-season monocul-
tures. Learning more about the growth and
quality characteristics of new forages is a
key first step in developing a successful
management strategy which includes seed-
ed forages.

Careful assessment of both the suitabili-
ty of a planted species for the intended use
and the hazard of undesired consequences,
e.g., negative impacts on soil and indige-
nous vegetation, should precede any pas-
ture or rangeland planting. The levels of
productivity and persistence of Rosana
make this selected native cultivar of west-

Table 6. Means for crude protein (CP) in diets collected on the experimental pastures in 1998 and
1999; standard error equals ±1.3.

1998 1999
Species April May June April May June

- - - - - - - - - - - - - - - - - - - - - - - - - - - - (%) - - - - - - - - - - - - - - - - - - - - - - - - - 
Hycrest 22ABa1 19Aab 22Aa 21Aa 17ABbc 14Ac

Luna 25Aa 16Bc 22Aab 23Aa 19Abc 12Ad

Rosana 19Ba 11Bb 14Bb 20Aa 15Bb 14Ab

1Within a date, species means with the same uppercase superscripts are not different (P < 0.05). Within a species,
means of dates with the same lowercase superscripts are not different (P < 0.05).

Table 7. Means for average daily gain of yearling cattle; standard errors equal ±0.03 for species,
±0.08 for year, and ±0.04 for species by year interaction.

Year Hycrest Luna Rosana Mean

- - - - - - - - - - - - - - - - - - - - - - - (kg head-1 day-1) - - - - - - - - - - - - - - - - - - - - - -
1997 1.13Aa1 1.05Aa 1.26Aa 1.15a

1998 1.28Aa 1.09ABa 1.03Bb 1.14a

1999 0.74Ab 0.52Bb 0.78Ac 0.68b

Mean 1.05A 0.89B 1.03A

1Within a date, species means with the same uppercase superscripts are not different (P < 0.05). Within a species, means
of dates with the same lowercase superscripts are not different (P < 0.05).
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ern wheatgrass a viable option when man-
agers prefer using natives. However, the
potential for greater animal gain in some
environmental conditions (1998) confirms
that Hycrest crested wheatgrass can be a
useful forage plant for livestock produc-
tion in the region. Based on the encroach-
ment of invading species, persistence of
Luna is marginal in the 335-mm precipita-
tion zone in the Northern Great Plains.
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